For noncommutative variables x, y an expansion of log(e x e y ) in powers of x + y is obtained. Each term of the series is given by an infinite sum in powers of x − y. The series is represented by diagrams.
where q m (x − y, x + y) is a homogeneous polynomial of degree m in x + y. This equation can be also written as f ((x + y)/2, (x − y)/2) = ∞ m=1 q m (y, x).
The aim of this paper is to find an expression for q m and construct a graphical representation of the series in terms of diagrams.
For x, y ∈ L put ψ(t, x, y) = log(e tx e ty ), t ∈ R.
Let k(z) be the function on C given by k(z) = z/(1 − e −z ) − z/2. One can show [6] that
where k 2p = B 2p /(2p)!, and B 2p are the Bernoulli numbers
Then ψ(t, x, y) is a solution of the equation [7] 
with the initial condition ψ(0, x, y) = 0.
Equation (4) is easily solvable with the solution given implicitly by
ad(x−y)
This can be written in the form
where
Let us introduce the functions
The function v 1 , . . . , v 2n 2n is linear separately in each v i , and symmetric. From (7) it follows
Then equation (6) takes the form
Here we introduced an auxiliary parameter k for counting powers of x + y. Eventually it is set to be 1.
To describe a solution of equation (8) we introduce a family of functions
where v means that v is omitted. If v ∈ L is given by (v 1 , . . . , v m ) one can consecutively draw the diagrams for P
Let us introduce a family of functions
. . , v m is defined as the sum of all the descendants of its arguments. For example,
A solution of equation (8) is given by [8] 
where We write
Here π n is a homogeneous polynomial of degree n in x + y. The functions q m (2) are defined by
Using (10), we get
The function π n (x − y, x + y) is represented by a sum of diagrams.It follows from (10) that each incoming line contributes a factor of k to a such diagram, and therefore π n is given by a sum of the diagrams with r incoming lines and s vertices such that r + s = n. For example, the O(k 5 ) contribution in ψ is given by 
